Aim: To present long-term results of mini asymmetric radial keratotomy (MARK) for the treatment of mild to moderate keratoconus, with an average follow-up of 7.3 years and a minimum of 6 years.
INTRODUCTION
Keratoconus (Kc) is one the most extensively studied pathologies in ophthalmology. Identified and described by Nottingham in 1854, it is a bilateral non-inflammatory corneal ectasia, generally manifested in the second decade of life, which results in progressive and asymmetric corneal distortion and thinning, altered refractive powers and reduced vision. 1 The history of its treatment is equally long, 2 and it currently provides invasive and conservative treatments.
The former includes penetrating keratoplasty (PK) and deep anterior lamellar keratoplasty (DALK), 3 while the latter includes corneal cross-linking (CXL), 4 the gold standard method for Kc treatment, intracorneal ring segments (IcRS), 5 circular keratotomy (CKt), 6 mini asymmetric radial keratotomy (MARK), 7 radial/miniradial keratotomy (RK/Mini-RK), 8, 9 and conductive keratoplasty (CKp). 10 Further, there is a more recent trend involving CXL paired with other procedures (CXL Plus), specifically with photorefractive keratectomy (PRK) (Athens Protocol), 11 Laser in-situ keratomileusis (LASIK), 12 ICrS, 13 MARK (Rome Protocol), 14 CKp, 15 and phakic intraocular lenses (PIoL). 16 However, despite its simplicity and effectiveness in halting Kc, CXL does not improve vision, apart from a slight degree of corneal regularisation with epithelium removal, 17 a condition that justifies the rationale behind the other procedures mentioned above. The present study focuses on mini asymmetric radial keratotomy, developed in 1993 by the author (MA) as a noninvasive alternative to penetrating keratoplasty. Longterm results are analyzed here, with the aim of expanding the literature concerning conservative treatment for Kc.
MATERIALS AND METHODS

Study Design
This is a retrospective observational case series of 45 patients (66 eyes) who underwent MARK with longterm follow-up (7.3 years on average, 6 years minimum), performed by the same surgeon (MA) with the same instruments in two different centers. Out of the circa 1,000 eyes that have been treated with MARK in our Clinical selection included patients affected by progressive stages I and II Kc (Amsler-Krumeich classification) and suffering from contact lens intolerance (CLI), while patients with any chronic or recurrent ocular infections were excluded. All patients underwent a complete clinical examination before the intervention, which was conducted in accordance with Declaration of Helsinki, ethics approval was assessed by the director of the two centers (MA), and a written informed consent for both procedures was required as a part of our preoperative routine.
For the purposes of this study, best spectacle-corrected visual acuity (BSCVA), mean pachymetry and mean keratometry (Kavg) were recorded with a Pentacam (Oculus Optikgerate Gmbh, Wetzlar, Germany) preoperatively and at least 1, 3 and 6 years following the intervention. All data were collected in standardized study spreadsheets and entered into Excel 2010 (Microsoft Corporation, Redmond, Washington), which also provided basic statistical outcomes, and visual acuity was measured according to a decimal scale and then converted to the logarithm of the minimum angle of resolution (LogMAR). Steady and improved pachymetric and keratometric values have been used as indicators of successful Kc stabilization, while an increase in BSCVA has been used as the standard indicator of improved visual acuity.
Surgical Procedure
Mini asymmetric radial keratotomy was originally conceived as a hybrid technique, a surgical synthesis of asymmetric radial keratotomy 18 -already using sectoral incisions but too prone to hyperopic overcorrectionand mini-RK, less invasive but still applying incision on the full corneal angular span. MARK's conservative nomogram is based on Lindstrom's, 19 modified so that it performs shorter (1.75-2.25 mm instead of 3 mm) and asymmetric (sectorial) mini-incisions (Fig. 1) . Further, the differences between MARK incision and standard RK incisions are very significant, especially when treating a degenerative pathology such as Kc, since MARK surgery:
• Uses very short incisions (approximately 2 mm) compared to the full length of RK incisions.
• Applies less deep incisions (approximately 80%
of corneal thickness) compared to RK incisions.
• Requires few (3-5) customized mini-incisions that involve only a limited angular span of the cornea, as opposed to the full angular span involved with RK.
• Does not preclude future surgical options such as PK or DALK, due to the fact MARK mini-incisions do not extend beyond a corneal diameter of 8 mm peripherally, which means that they would be included in the diameter of corneal tissue to be removed and substituted with the corneal graft. These are remarkably significant differences that are bound to affect long-term stability and safety.
Once the inclusion/exclusion criteria are satisfied, preparation for MARK starts by devising its surgical plan. Since it consists of a small series (3-5) of tomographyand topography-guided centripetal mini-incisions, performed only on the portion of the cornea where Kc is manifest, at circa 80% of corneal thickness, factors that are carefully considered included the designation of the corneal clear zone, which is to be left as large as possible, along with the determination of the number, position, length, and depth of such mini-incisions. A diamond knife (Meyco, Anton Meyer & Co. Ltd, Biel, Switzerland) and custom-made double concentric corneal markers (Fig. 2) , limiting the incisions to a maximum of 7.5-8 mm on the external end and a minimum of 3.5-4 
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mm on the internal end, are used. Topical anesthesia is applied before the operation (benoxinate chloride 0.4%). Following the intervention, a bandage contact lens is placed, and topical antibiotics (levofloxacin hemihydrate 0.5%) and nonsteroidal anti-inflammatory drops (diclofenac sodic 0.1%) are prescribed.
RESULTS
Long-term Outcomes
As mentioned, the key parameters collected and analyzed by this study are best spectacle-corrected visual acuity (BSCVA), mean pachymetry and mean keratometry (Kavg Table 1 , and the original dataset is available from the corresponding author.
Complications
No intraoperative or postoperative complications occurred. Corneal microperforations, potentially occurring during the incisional process, did not take place. Some patients experienced minor postoperative discomfort due to a perceived foreign-body sensation, common to a number of corneal procedures, as well as blurriness after the removal of the bandage contact lens, which progressively disappeared.
Graph 1: Changes in BSCVA after at least 6 years of follow-up Graph 2: Changes in mean pachymetry after at least 6 years of follow-up Graph 3: Changes in mean keratometry before and after surgery, with a minimum follow-up of 6 years, common to all eyes, and longer ones, representing smaller cohorts 
DISCUSSION
These data allow for a number of considerations. First, they confirm that MARK is effective in stabilizing keratoconus, since average keratometry and average pachymetry have improved by 91% and 98% of cases respectively. Second, MARK provides visual improvement as well, since best spectacle-corrected visual acuity rose for 95% of patients, a condition that justifies the very existence of this procedure, along with previously mentioned incisional techniques such as circular keratotomy and radial/ mini-radial keratotomy. Third, the long-term follow-up (7.3 years on average, six years minimum) supports the durability of these results, while it is also important to reiterate that no intra-or postoperative complications occurred. More specifically, with reference to pachymetry, it is important to explain the increase in corneal thickness. Post-keratotomy fibrotic cellular responses produce thicker collagen fibrils over the incisions (along with corneal flattening), a process that is widely discussed in the literature as the review by Wilson et al. reports, 20 without compromising the patient's vision due to their distance from the optical zone. This biomechanical process, known for decades, improves corneal pachymetry if the tissue's stability is maintained with appropriate surgery. At the same time, it is understood that some notes of caution need to be discussed with the above.While other procedures are standardized in their execution, MARK is customized, since the number, length, position, and de pth of its mini-incisions vary depending on the cone's steepness and position, corneal thickness, and progression of Kc. Also, the inclusion and exclusion criteria that have been mentioned before need to be respected with care, with the aim of avoiding untoward complications deriving from inappropriate surgery, some which have been described in the literature. 21 Further, as a corollary, the ophthalmic surgeon needs to be familiar with incisional surgery, both manual and laser, as well as with corneal sutures in the rare occasion of a microperforation. Lastly, it ought to be acknowledged that a randomized controlled trial would strengthen the internal validity of the data analyzed in this study.
CONCLUSION
Having outlined the strengths and the limitations of this technique, it is appropriate to contextualize it in the current treatment of Kc. We are witnessing an everincreasing precision in the diagnosis of keratoconus, which is also resulting in a growing number of patients who are diagnosed with one. The constant evolution of conservative procedures-CXL clearly among allas well as the refinement of DALK, are resulting in a lesser need for penetrating keratoplasty, all of which is reassuring news for keratoconic patients. Subsequently, one can conclude that the more options the ophthalmic surgeon has, the better it is for their treatment spectrum, which can, therefore, be adapted to the patient's specific needs.The long-term results analyzed by this study suggest that MARK should be considered as one of the conservative treatments for moderate to mild progressive keratoconus. In conclusion, however, we cannot stress enough the importance of prevention, as an early diagnosis of Kc would likely result in an earlystage CXL, which would in turn probably avoid the need for further surgery.
